Background {#Sec1}
==========

Anemia is one of the most common diseases of childhood and is a health problem globally, particularly in developing counties and in children less than 2 years of age \[[@CR1], [@CR2]\]. From 1993 to 2005, the global prevalence of anemia was 47.4% among children less than 5 years of age, and 46--66% in developing countries \[[@CR3], [@CR4]\]. In China in 2012, 28.2 and 20.5% of children 6--12 and 13--24 months of age, respectively, had anemia \[[@CR5]\].

Anemia during childhood has short- and long-term effects on health. The former include an increased risk of morbidity due to infectious disease \[[@CR4], [@CR6], [@CR7]\]. In addition, anemia during childhood is strongly associated with neurological development, and cognitive and immune function, and can lead to mental impairment and poor motor development \[[@CR8], [@CR9]\]. The long-term effects include reduced academic achievement and work capacity in adulthood \[[@CR7], [@CR10]\].

The majority of related studies show that anemia during childhood is strongly associated with food intake \[[@CR11], [@CR12]\]. Others reveal that economic status \[[@CR13]\], residence in an urban or rural area \[[@CR14]\], caregiver's educational level \[[@CR7]\], fever and diarrhea \[[@CR15]\], low birth weight \[[@CR7]\], and insufficient nutrition \[[@CR15]\] are related to anemia during childhood.

The government of China provides nutrient sachets to children aged 6 to 23 months in poor areas of China, which has dramatically decreased the prevalence of anemia in children in western China \[[@CR16], [@CR17]\]. However, few studies have investigated the prevalence of anemia, or the effect of the nutrient sachet program thereon, among children in Huaihua.

Therefore, this cross-sectional study analyzed the prevalence and risk factors of anemia among children 6 to 23 months of age in Huaihua. Our findings will enable the development of countermeasures to reduce the burden of anemia and promote the health of children.

Materials and methods {#Sec2}
=====================

Study design and area {#Sec3}
---------------------

This cross-sectional study was conducted at a maternal and child health care hospital in Huaihua, the largest city in midwestern China, from September to November 2017. The population of Huaihua in 2017 was 5,450,289, of which 322,876 were children under 5 years of age. A nutrient sachet program has been implemented in Huaihua since 2012.

Study population and sampling techniques {#Sec4}
----------------------------------------

The study population consisted of caregivers and their children 6 to 23 months of age in seven rural regions of Huahuai recruited using a multistage sampling technique. Initially, the 13 regions of Huaihua line up according income, 7 rural regions were selected according income. Secondly, all towns of each region line up according income, ten towns were selected at random in each region. Then all villages of each town line up according income, three to five villages were selected at random in each town. According to the total number of live births, three villages were selected in Zhijiang and Huitong, four villages in Xinghuang, and five villages in Yuangling, Xupu, Mayang, and Chenxi. In total, 300 villages were selected. All children 6 to 23 months of age in each village line up according date of birth and 15 children 6 to 23 months of age in each village were selected by systematic random sampling, for a total of 4500 children (See Fig. [1](#Fig1){ref-type="fig"}). Income data were obtained from the 2016 Huaihua Statistical Yearbook and the number of live births from the 2016 Child Annual Report.Fig. 1The flow chart of the sampling process

Data collection {#Sec5}
---------------

A structured questionnaire was used to collect data on the demographic characteristics of the children and members of their families, as well as the children's health status, feeding practice in the previous 24 h, and the caregivers' level of knowledge of nutrition. Information on the children's health status included gestational age, birth weight, and any episode of fever or diarrhea in the previous 2 weeks. The questionnaire was designed by the Chinese Center for Disease Control and Prevention to assess pilot projects for improving child nutrition in poverty-stricken areas of China. Hemoglobin (Hb) levels were measured in the fingertip peripheral blood of the children using a microchemical reaction method and Hemocue 301 instrument (Hemocue AB, Sweden), and were expressed as g/dL. Blood samples were collected in local public health centers. Anemia was assessed based on the criteria of Pediatrics, seventh edition published by the People's Medical Publishing House. The cut-off point for anemia for children 6 to 23 months of age was \< 11.0 g/dL Hb.

Statistical analysis {#Sec6}
--------------------

Data were cleaned, coded, and entered using Epidata 3.1 and analyzed by Statistical Product and Service Solutions 13. A descriptive analysis was performed to summarize the data, followed by bivariate logistic regression analyses of caregivers' ethnicity, educational level, occupations, group, and level of knowledge of nutrition, as well as the age, sex, preterm birth, low birth weight, episode of diarrhea or fever in the previous 2 weeks, and food intake in the prior 24 h of the children. Factors with a value of *P* ≤ 0.10 in a bivariate analysis were included in the multivariable stepwise logistic regression model. Odds ratios (ORs) with 95% confidence intervals (CIs) were calculated to determine the strength of associations. A value of *P* \< 0.05 was considered indicative of statistical significance.

Ethics approval and consent to participate {#Sec7}
------------------------------------------

Informed consent was signed by the caregivers of the children prior to their being interviewed. The project complies with national guidelines and does not involve personal privacy. The project was approved by Huaihua Women\'s Federation and Municipal Commission of Health and Family Planning (No. 201563).

Results {#Sec8}
=======

Demographic characteristics and health status {#Sec9}
---------------------------------------------

In total, 4450 children were included in this study. Fifty children whose caregivers refused to be interviewed were excluded (collection rate, 98.88%). The characteristics of the 4450 children are listed in Table [1](#Tab1){ref-type="table"}. The prevalence of anemia was 29.73%. The educational level of \> 70% of the parents/caregivers was under senior. The parents of almost 50% of the children were of Han ethnicity. The majority of the mothers and caregivers were homemakers (48.74 and 99.64%, respectively). Of the caregivers of the children, 61.71% were their mothers. The incidences of premature birth and a low birth weight were less than 5%. Of the children, 18.58 and 12.20% reported that they had experienced fever and diarrhea in the previous 2 weeks (Table [2](#Tab2){ref-type="table"}).Table 1The demographic characteristic of children 6 to 23 months of age (*n* = 4450)CharacteristicFrequenciesPercent (%)Sex Boys234552.70 Girls210547.30Age 6\~ 11 months153634.52 12\~ 17 months141131.71 18\~ 23 months150333.78Mother's ethnicity Han221949.87 Dong99122.27 Miao101222.74 Others2285.12Mother's educational level Primary4099.19 Junior295366.36 Senior82818.61 University2605.84Mother's occupation Homemakers216948.74 Professionals1433.21 Commerce2275.10 Animal husbandry and fishery122527.53 Operators equipment791.78 Others60713.64Father's ethnicity Han213347.93 Dong112025.17 Miao100722.63 Others1904.27Father's occupation Homemakers79117.78 Professionals3167.10 Commerce3507.87 Animal husbandry and fishery167837.71 Operators equipment3056.85 Others101022.70Father's educational level Primary3267.33 Junior295766.45 Senior85819.28 University3096.94Caregiver's groups Mothers274661.71 Fathers420.94 Grandparents165137.10 Others110.25Caregiver's educational level Primary324372.88 Junior93821.08 Senior2575.78 University120.27Caregiver's occupation Professionals160.36 Homemakers443499.64Anemia status Normal312770.27 Anemia132329.73Table 2Health status of children 6 to 23 months of age(n = 4450)CharacteristicFrequenciesPercent (%)Gestational age Term427095.96 Premature1804.04Birth weight Normal427996.16 Low birth weight1713.84Fever in the previous 2 weeks No362381.42 Yes82718.58Diarrhea in the previous 2 weeks No390787.80 Yes54312.20

Feeding practice and nutrition knowledge {#Sec10}
----------------------------------------

In the previous 24 h, most of the children had consumed water, soup, rice soup (92.45%), and solid/semisolid food (92.61%), but only 6.94% had consumed yogurt. Of the children, 31.03% had consumed infant formula once or twice and 48.85% had consumed a nutrient sachet four times or more in the prior week (Table [3](#Tab3){ref-type="table"}). Of the caregivers, 44.20% could identify the optimum timing of complementary feeding but only 5.06% could identify the first complementary food which should be consumed by infants (Table [4](#Tab4){ref-type="table"}).Table 3Feeding practice of children 6 to 23 months of age in the previous 24 h (*n* = 4450)Feeding PracticeFrequenciesPercent (%)Breastfeeding No320572.02 Yes124527.98Consume water, soup, rice soup No3367.55 Yes411492.45Consume sugary drink No316071.01 Yes129028.99Consume infant formula and frequencies 0195143.84 1 to 2138131.03 361313.78 4 or more50511.35Consume milk powder and frequencies 0369883.10 1 to 247410.65 31613.62 4 or more1172.63Consume yoghourt and frequencies 0414193.06 1 to 22796.27 3120.27 4 or more180.40Consume solid/ semisolid food and frequencies 03297.39 1 to 2128928.97 3171538.54 4 or more111725.10Consume nutrient sachet and frequencies\* 0177339.84 1 to 23026.79 32014.52 4 or more217448.85\**Consume nutrient sachet in the prior week*Table 4Caregivers nutrition knowledge of children 6 to 23 months of age (*n* = 4450)Nutrition KnowledgeFrequenciesPercent (%)Is able identify the optimum timing of complementary feeding No248355.80 Yes196744.20Is able identify to the first complementary food which should be consumed by infants No422594.94 Yes2255.06Has know the optimum food of supplementary iron No318571.57 Yes126528.43Is able identify nutrient relate to anemia No252256.67 Yes192843.33Is able identify the optimum timing of breastfeeding No385286.56 Yes59813.44

Bivariate logistic regression analyses {#Sec11}
--------------------------------------

Table [5](#Tab5){ref-type="table"} shows the results of bivariate logistic regression analyses of anemia among children 6 to 23 months of age. Compared to children 6 to 11 months of age, the prevalence of anemia was lower among those 12 to 17 and 18 to 23 months of age (OR = 0.64, 0.39 and *P* \< 0.001, \< 0.001, respectively). Compared to children with Han mothers and fathers, the prevalence of anemia was higher in those with Miao mothers and fathers (OR = 1.46, 1.44 and P \< 0.001, \< 0.001, respectively) and lower in children with Dong mothers and fathers (OR = 0.80, 0.80 and *P* = 0.010, 0.007, respectively). Compared to the children of homemaker mothers, those of mothers employed in the professions, commerce, as equipment operators, and other occupations had a lower risk of anemia (OR = 0.70, 0.65, 0.61, 0.60 and *P* = 0.072, 0.008, 0.073, \< 0.001, respectively). Compared to the children of homemaker fathers, those of fathers employed in animal husbandry and fishery, and others had a lower risk of anemia (OR = 0.85, 0.81 and *P* = 0.085, 0.038, respectively). Compared to children cared for by their mothers, those cared for by their father or grandparents had a lower prevalence of anemia (OR = 0.46, 0.59 and *P* = 0.050, \< 0.001, respectively). In addition, female gender (OR = 0.89, *P* = 0.078), mothers and fathers' education to university level (OR = 0.65, 0.70, and *P* = 0.016, 0.046, respectively) were associated with a lower risk of anemia. Diarrhea in the previous 2 weeks was also correlated with anemia (OR = 1.50, *P* \< 0.001).Table 5Bivariate regression analysis of anemia among children 6 to 23 months of ageParametersN*n*(%)OR(95%CI)*P* valueSex Boy234572430.871 Girl210559928.460.89(0.78,1.10)0.078Age 6\~ 11 months153660439.321 12\~ 17 months141141429.340.64(0.55,0.75)\< 0.001 18\~ 23 months150330520.290.39(0.33,0.46)\< 0.001Mother's ethnicity Han221963728.711 Dong99124124.320.80(0.67,0.95)0.010 Miao101237436.961.46(1.24,1.70)\< 0.001 Others2287131.141.12(0.84,1.51)0.440Mother's educational level Primary40913332.521 Junior295387929.770.88(0.70,1.10)0.256 Senior82824930.070.89(0.69,1.15)0.381 University2606223.850.65(0.46,0.92)0.016Mother's occupation Homemakers216970432.461 Professionals1433625.170.70(0.48,1.03)0.072 Commerce2275423.790.65(0.47,0.89)0.008 Animal husbandry and fishery122537630.690.92(0.79,1.07)0.290 Operators equipment791822.780.61(0.36,1.04)0.073 Others60713522.240.60(0.48,0.76)\< 0.001Father's ethnicity Han213361728.931 Dong112027424.460.80(0.68,0.94)0.007 Miao100737236.941.44(1.23,1.89)\< 0.001 Others1906031.581.13(0.82,1.56)0.441Father's educational level Primary32610833.131 Junior295787429.560.85(0.66,1.08)0.182 Senior85826130.420.88(0.67,1.16)0.369 University3098025.890.70(0.50,0.99)0.046Father's occupation Homemakers79125932.741 Professionals31610232.280.98(0.74,1.29)0.882 Commerce35010028.570.82(0.62,1.10)0.162 Animal husbandry and fishery167849229.320.85(0.71,1.10)0.085 Operators equipment3058527.870.79(0.59,1.06)0.120 Others101028528.220.81(0.66,0.99)0.038Caregiver's groups Mothers274692833.791 Fathers42819.050.46(0.21,1.00)0.050 Grandparents165138523.320.59(0.52,0.68)\< 0.001 Others11218.180.43(0.09,2.02)0.288Caregiver's educational level Primary324399030.531 Junior93826227.930.88(0.75,1.04)0.127 Senior2576926.850.83(0.63,1.11)0.217 University12216.670.45(0.10,2.08)0.310Caregiver's occupation Professionals16212.501 Homemakers4434132129.792.97(0.67,13.08)0.150Gestational age Term4270126529.631 Premature1805832.221.13(0.82,1.55)0.455Birth weight Normal4279127629.821 Low birth weight1714727.490.89(0.63,1.26)0.513Fever in the previous 2 weeks No3623107729.731 Yes82724629.751.10(0.85,1.18)0.991Diarrhea in the previous 2 weeks No3907111928.641 Yes54320437.571.50(1.24,1.81)\< 0.001Breastfeeding No320578824.591 Yes124553442.892.30(2.00,2.64)\< 0.001Consume water, soup, rice soup No33610731.851 Yes4112121529.550.90(0.71,1.14)0.377Consume sugary drink No314697631.071 Yes129034326.590.79(0.69,0.91)0.001Consume infant formula and frequencies 0195169735.731 1 to 2138132823.750.56(0.48,0.65)\< 0.001 361315224.800.59(0.48,0.73)\< 0.001 4 or more50514628.910.73(0.59,0.91)0.004Consume milk powder and frequencies 03698114530.961 1 to 247410121.310.60(0.48,0.76)\< 0.001 31614527.950.86(0.61,1.23)0.418 4 or more1173227.350.84(0.55,1.27)0.405Consume yoghourt and frequencies 04141124229.991 1 to 22797426.520.84(0.64,1.11)0.220 312325.000.78(0.21,2.88)0.707 4 or more18422.220.67(0.22,2.03)0.476Consume solid/semisolid food and frequencies 03299930.091 1 to 2128941031.811.08(0.83,1.41)0.550 3171551530.030.99(0.77,1.29)0.982 4 or more111729926.770.85(0.65,1.11)0.236Consume nutrient sachet and frequencies 0177358132.771 1 to 230211538.081.26(0.98,1.62)0.071 32016934.331.07(0.79,1.46)0.656 4 or more217455825.670.71(0.62,0.81)\< 0.001Is able identify the optimum timing of complementary feeding No248369728.071 Yes196762631.831.20(1.05,1.36)0.007Is able identify to the first complementary food which should be consumed by infants No4225124629.491 Yes2257734.221.24(0.94,1.65)0.131Has know the optimum food of supplementary iron No318593929.481 Yes126538430.361.04(0.91,1.20)0.565Is able identify nutrient relate to anemia No252277230.611 Yes192855128.580.91(0.80,1.03)0.142Is able identify the optimum timing of breastfeeding No3852115129.881 Yes59817228.760.95(0.78,1.145)0.578

Breastfeeding in the past 24 h was correlated with anemia (OR = 2.30, P \< 0.001). Compared to children who did not consume a sugary drink in the past 24 h, those who did consume a sugary drink had a decreased risk of anemia (OR = 0.79, *P* = 0.001). Compared to no addition of infant formula in the past 24 h, addition of infant formula once or twice, three times, and four times or more decreased the risk of anemia (OR = 0.56, 0.59, 0.73 and P \< 0.001, \< 0.001, 0.004, respectively). Compared to no addition of milk powder in the past 24 h, addition of milk powder once or twice decreased the risk of anemia (OR = 0.60, *P* \< 0.001). Compared to no addition of a nutrient sachet in the previous week, addition of a nutrient sachet once or twice increased the risk of anemia (OR = 1.26, *P* = 0.071), while addition of a nutrient sachet four or more times decreased the risk of anemia (OR = 0.071, *P* \< 0.001). The ability of caregivers to identify the optimum timing of complementary feeding was significantly associated with anemia (OR = 1.20, *P* = 0.007).

Multivariate logistic regression analysis {#Sec12}
-----------------------------------------

All variables with *P* \< 0.10 in bivariate logistic regression analyses were entered into the multivariate logistic regression analysis (Table [6](#Tab6){ref-type="table"}). Compared to children 6 to 11 months of age, the risk of anemia among those 18 to 23 months of age decreased by 45% (OR = 0.55, *P* \< 0.001). Compared to children with Han mothers, those with Miao mothers had a 1.23-fold increased risk of anemia (OR = 1.23, *P* = 0.044). Compared to children with Han fathers, those with Miao fathers had a 1.31-fold increased risk of anemia (OR = 1.31, *P* = 0.013) and those with Dong fathers had an 18% decreased risk (OR = 0.82, *P* = 0.047). Having diarrhea in the previous 2 weeks increased the risk of anemia 1.35-fold (OR = 1.35, *P* = 0.003).Table 6Multivariate regression analysis of anemia among children 6 to 23 months of ageParametersOR(95.0% C.I)*P*Sex Boys1 Girls0.93(0.81,1.07)0.317Age 6\~ 11 months1 12\~ 17 months0.84(0.70,1.00)0.053 18\~ 23 months0.55(0.45,0.67)\< 0.001Mother's ethnicity Han1 Dong0.83(0.67,1.02)0.069 Miao1.23(1.01,1.51)0.044 Others0.98(0.71,1.35)0.894Mother's educational Level Primary1 Junior0.97(0.75,1.25)0.804 Senior1.03(0.77,1.39)0.838 University0.84(0.54,1.29)0.423Mother's occupation Homemakers1 Professionals0.96(0.61,1.51)0.866 Commerce1.02(0.70,1.48)0.936 Animal husbandry and fishery1.46(1.16,1.83)0.081 Operators equipment0.99(0.54,1.80)0.967 Others0.84(0.63,1.11)0.221Father's ethnicity Han1 Dong0.82(0.67,1.00)0.047 Miao1.31(1.06,1.61)0.013 Others1.14(0.80,1.62)0.475Father's educational level Primary1 Junior0.85(0.65,1.13)0.266 Senior0.86(0.63,1.18)0.339 University0.79(0.52,1.19)0.257Father's occupation Homemakers1 Professionals1.23(0.89,1.68)0.206 Commerce1.00(0.72,1.40)0.980 Animal husbandry and fishery0.85(0.65,1.09)0.198 Operators equipment0.95(0.68,1.33)0.768 Others1.09(0.84,1.41)0.512Caregiver's groups Mothers1 Fathers0.56(0.25,1.24)0.153 Grandparents0.86(0.72,1.02)0.085 Others0.50(0.10,2.40)0.386Diarrhea in the previous 2 weeks No1 Yes1.35(1.11,1.65)0.003Breastfeeding No1 Yes1.50(1.26,1.80)\< 0.001Consume sugary drink No1 Yes0.95(0.82,1.10)0.495Consume infant formula and frequencies 01 1 to 20.72(0.61,0.85)\< 0.001 30.70(0.56,0.87)0.001 4 or more0.75(0.60,0.96)0.020Consume milk powder and frequencies 01 1 to 20.71(0.56,0.90)0.005 30.90(0.62,1.29)0.556 4 or more0.74(0.48,1.14)0.167Consume nutrient sachet and frequencies 01 1 to 20.95(0.73,1.24)0.697 30.83(0.60,1.15)0.270 4 or more0.70(0.61,0.82)\< 0.001Is able identify the optimum timing of complementary feeding No1 Yes1.15(1.01,1.32)0.039

Children not breastfed in the past 24 h had a 1.50-fold greater risk of anemia than those breastfed (OR = 1.50, *P* \< 0.001). Addition of milk powder once or twice in the previous 24 h decreased the risk of anemia by 29% (OR = 0.71, *P* = 0.005) compared to no addition of milk powder. Moreover, addition of infant formula once or twice, three times, and four or more times in the previous 24 h decreased the risk of anemia by 28, 30, and 25% compared to no addition of infant formula, respectively (OR = 0.72, 0.70, 0.75 and *P* \< 0.001, 0.001, 0.020, respectively). Addition of a nutrient sachet four or more times in the previous week decreased the risk of anemia by 30% (OR = 0.70, *P* \< 0.001) compared to no addition of a nutrient sachet. The risk of anemia for children whose caregivers were able to identify the optimum timing of complementary feeding was 1.15-fold higher than that of children whose caregivers were not (OR = 1.15, *P* = 0.039).

Discussion {#Sec13}
==========

Our findings revealed that almost 30% of children 6 to 23 months of age in Huaihua were anemic. The prevalence of anemia in our study is higher than the 4.54% of children under 2 years of age in Beijing \[[@CR18]\], but lower than that in western rural areas of China (\> 30%), such as 37.84% among children under 3 years of age in rural Tibet \[[@CR19]\] and 64.7% among children 6 to 35 months of age in Yushu, Qinghai Province \[[@CR20]\]. By contrast, the prevalence of anemia in children globally is 43%, and approximately 70% in Central and West Africa \[[@CR21]\]. The burden of anemia in developed counties is much lower; 7--9% of children 1 to 3 years of age in the US \[[@CR22]\] and 2--9% of children 6 to 39 months of age in Europe \[[@CR23]\] are anemic.

In further analysis, the results show that mother and father of Miao ethnicity (OR = 1.23 and 1.31), diarrhea in the previous 2 weeks (OR = 1.35), breastfeeding in the prior 24 h (OR = 1.50), and caregivers able to identify the optimum timing of complementary feeding (OR = 1.15) had positive correlations with anemia. However, children aged 18 to 23 months (OR = 0.55), father of Dong ethnicity (OR = 0.82), addition of milk powder once or twice in the prior week (OR = 0.71), addition of infant formula once or twice, three times, and four or more times in the previous 24 h (OR = 0.72, 0.70, and 0.75), and addition of a nutrient sachet four or more times in the prior week (OR = 0.70) were negatively associated with anemia.

In our study, breastfeeding in the previous 24 h had a marked effect on the prevalence of anemia. A Chinese birth cohort study of the association between the duration of exclusive breastfeeding and infant anemia found that exclusive breastfeeding for 6 months was associated with an increased risk of anemia in infants 12 months of age \[[@CR24]\]. The concentration of iron in human milk is relatively low, and so iron is supplied mainly from iron stores from birth until 6 months of age. However, iron stores are depleted after 6 months of age, the time at which iron demand increases because of rapid growth and development \[[@CR25]\]. Therefore, the risk of anemia increases after 6 months of age in breastfed children; indeed, their risk is higher than that of children 18 to 23 months of age. Anemia in children 6 months of age is ameliorated by the intake of iron-rich foods, and their risk of anemia increases with age \[[@CR19], [@CR26]\].

Addition of milk powder or infant formula was associated with a decreased risk of anemia, likely because these have higher levels of minerals than breast milk. The production of powdered formulas was base on ordinary powdered, as iron has been added to powdered formulas to prevent anemia in recent decades \[[@CR27]\].

Addition of a nutrient sachet four or more times in the previous week was significantly negatively associated with anemia. In rural areas of China, soybean powder-based micronutrient supplements (nutrient sachets) significantly reduced the burden of anemia among children 6 to 23 months of age. Consumption of four nutrient sachets weekly by infants is recommended in China. In this study, the risk of anemia in the 48.85% of the children who consumed a nutrient sachet four or more times weekly was 30% lower than that of those who did not consume any nutrient sachets. Zhouxun reported that the child's age and ethnicity, the parents' education and occupation, and adverse reactions to Yingyangbao were associated with taking Yingyangbao among children 6 to 23 months of age in poor rural areas of Hunan Province, China \[[@CR28]\]. Therefore, provision of nutrient sachets reduced the burden of anemia among children in Huaihua; however, its implementation is unsatisfactory.

In this study, having parents of Miao ethnicity was associated with an increased risk of anemia, and a father of Dong ethnicity with a reduced risk of anemia. This is in agreement with several prior reports. For example, Luoyan reported that the prevalence of anemia in children of Kazakh ethnicity is higher than in those of Han ethnicity, which is likely due to the unique habitats and customs of minority ethnicities \[[@CR29]\]. Therefore, health education in areas inhabited by minority ethnicities needs to be strengthened. In Yunnan Province, the risk of anemia among children of Li ethnicity is 1.9-fold greater than that of those of Han ethnicity due to Mediterranean anemia \[[@CR30]\].

Of the children, 12.20 and 18.58% had experienced diarrhea and fever in the previous 2 weeks. Wuxiao-jian reported that the 2-week prevalence of diarrhea and fever among children less than 3 years of age is associated with socioeconomic status, healthcare during pregnancy and the puerperal period, and mothers' knowledge of disease prevention \[[@CR31]\]. Children with a history of diarrhea during the past 2 weeks were more likely to be anemic than children without diarrhea because of loss of appetite and malabsorption of nutrients in the intestine. Similar findings have been reported by studies conducted in Indonesia \[[@CR32], [@CR33]\].

The ability of the caregiver to identify the optimum timing of complementary feeding increased the risk of anemia in this study. Caregivers' level of knowledge of nutrition and feeding may influence the feeding behavior of children \[[@CR34], [@CR35]\]. Although 44.20% of the caregivers were able identify the optimum timing of complementary feeding, only 5.06% were able identify to first complementary food which should be consumed by infants. A lack of knowledge of feeding practices among caregivers may explain the link between their ability to identify the optimum timing of complementary feeding and the risk of anemia.

This study had several limitations that should be taken into consideration. The cross-sectional design of this study prevents determination of the causality of the associations of factors with anemia. Further, the lack of information on family income, prenatal maternal anemia status, birth interval, and the timing of complementary feeding hampered analysis of the factors associated with anemia in children 6--23 months of age. However, this study involved 4500 children in a large geographic area (six regions of Huaihua), and considered caregivers' knowledge of feeding practices and nutrition. Our findings clarify the prevalence and risk factors of anemia among children 6--23 months of age in Huaihua, and will facilitate the development of countermeasures to reduce the burden of anemia.

Conclusions {#Sec14}
===========

In conclusion, the prevalence of anemia among children 6 to 23 months of age in Huaihua was higher than that in more developed regions of China, and represents a considerable healthcare burden. The feeding practice of caregivers was associated with anemia. In addition, diarrhea, parents' ethnicity, and caregivers' level of knowledge of nutrition were associated with anemia. Therefore, nutrition improvement projects are needed to reduce the burden of anemia among children in Huaihua.

AOR

:   Adjusted odds ratio

CI

:   Confidence interval

COR

:   Crude odds ratio
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